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PROBLEM TO BE SOLVED: To make it possible to 
generate a uniform beam while freely expanding/reducing 
without limit of a beam size between first, second 
lenses, by serially connecting three parts of a beam 
size control optical system, an intensity conversion 
optical system, and a phase adjustment optical system. 

SOLUTION: The beam shaping optical system is 
constituted of serially connecting three parts of the 
beam size control optical system, intensity conversion 
optical system, and phase adjustment optical system, and 
forms a target beam size by the beam size control 
optical system such as a beam expander, a zoom 
expander, a collimator, etc. This beam Is laser light 
having a Gaussian distribution. This laser light is made 
a shape expanding a beam size in the central part of the 
lens and reversely reducing the beam size in the 
peripheral part in a certain distance by the intensity 
conversion optical system part, and beam power is 
uniformized specially. Although power is uniformized, a 
phase is disturbed. Then, the phase is corrected by the 
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(2 6) <D5n-f '^^^x • +;ut 7^-^:7 
;t^xi . y^ fcgiLffi^i-r^ctizjcor® 1 r'(D^ 
#1fi^llt>?i t» ® 2 -e(7)^^l5iPi ^ c ^ A<r* ^ ^ 

li-TT'fe'&o LA^LSiaglcl*3>tfjL— 'Si$ttor=t,2 
(ii:*>j6^^. SI -e(Dlfil^ttii(@ai (xi , y 

iR^Lr*,. tt^B#rBli*®:^r'&'6o exp o (7)gp^ 

6<:7— y xIRgJtfc^f -^Tl^^>6^ tiiSjiS:?- 'J :i: F F T ^ 

F F TXitmmu^witm^tiui^o 

[00 9 1] H/Xj&<-SR7cWt?l£36^y ^=feO<Z)-ex 
1 . y^ (0 2|C3»<0 2M©«-lC3:j^>a>tt^«S(DC^r'fe 

^1 ^ + y 1 y 2 = »- 1 

[OO 9 4] <tnf^>o (iLffi^l^l*X3 . y^(0^{^^ 

(xi,yi)i:(x2.y2> <0^f^ftSr-&5o e 

I e X p (— j q 

[0 0 9 61 tuh^ e(omi^(ommiti^mx^i>a 
s i nr'iSfiiLr=tJ:t\ o^y 

[O O 9 7] 

J'exp(— jqsina)d0 (38) 

q 1 
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* 2) <D1 «ii»><t>tt, 
* [0 0 8 6] 

= e X p ( j 71 r i^/A d) (3 4) 

•)8^S[-efc<bo (3 2) <D>>DX^tt. "tO^^ 
^ C0088] 
) (xj X2 +y 1 y^ ) I (3 5) 

(2 6) ^CT*^*B#PBW»6^or?:^^3llfflfi<I•e^*3:^L^ 

S!)3t^CD«[f4Sf:^t, (2 6) <O^J:y^«<b$nfc^(* 

10 }^m^?^rtN/c*:t>o ♦$>^(D^S!)7fc^a)!S5Ct:*^^?9#(* 

rt^^tPtv +;utJn'y:7<o^fe-5)t%tt (2 6) ^^<d^ 

^r*(*fc^)^*ofcl>i:0<Dai (xi . ) 
r»^•mB#PB1A<!aBA^A^>5o !8»^<(7)K©^g^?a (a^ (x 

[GO 9 2] ^ (2 6) ^COt^r*»9B#^*tfe:B#PB^^ 
(lEllEJt^) -Cfe^A^^a^ ix^ , y^ ) t(sIfE>^fiJi 

t6<^t^^D-t?c;h,liSl^^5:E■e^*^*l^o ^fcU— if ^f— 
A^ R®^t«;<0:^*^ vT><!:-rtt(#. a^ (xi, 

y^) ttlHHe*t«;T*fc^i*-r-ei5^>o ■r'5«t X, yffi^ 
^RfBlffi«5rcSExr (r. e) ^icsat-r^ci:6<-e^ 

-A- [O O 9 3] 

r 2 c o s 0 

SOTSKCct^fia^i-tt 
[O O 9 5] 

cos0)de (37) 

O [0 0 9 8] tCX ^mm<om^^^^'oX^Bil\ 

-t;uKi&jn (q) omm^SLmmit^(o^'?iz^x,k>H 

[O O 9 9] 
O [3&3 9] 



(36) 

q = r , k/d UT, 



exp {- 



(t — 



} = S t n Jn (q) 



(39) 



[o 1 oo] tUi>o z<On<omit^^i-:^mmM^^ ♦ 0) i:fc< (3 9) it. 

:^^x«RK:*(DSafilT'i5^>o ^c-e t = e x p (- j * [o i o i ) 

exp(— jqsin0)= Zexp(— jn0)Jn(q) (40) 

[0 10 2] tu^a j^m^eiz^^x imm^m^-r ^i>o o:x^^y^z)Uzi■rt)m^o (3 8) it 

^t. ^mXnt<Oiik^(Dmit±XOizUiy<OXm-^ -X- [0103] 

Jexp(-jqsin0)d0= 2 n ^ (q) (41) 

I0 10 4] tl^ommU^izU^, e(Om^t<X^X (Om^a^ (r^) tmHi>l.. a^ (x^. y^ ) ^ 

r:^i>ircm^^b^?tL>5„ a , ( x ^ , y , ) (i r , ff it 50 ^-ri>t:i^t<Xti\ ^m^Oa^^ (X2. y^ ) 



(10) 
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* 

[O 1 O 5] 
m4 2] 



(ra ) = (- 



X/ri ) q (rx , d) 

[O 1 0 6l CtLliSl ^®2(D^^(7)S5«Pga)rBl(Og^^ 



d 

Jo( 



0 q (r 



d) X 



k r 1 r 2 /d) r i d r i (4 2) 

[ O 1 O 7 ] 



(r) = 



(r) 



exp (jkr2/2R) 



xexp(jkhi <r) (n-D) 
[O 1 0 8] ^jeSESiU>X|?^hi (r). U— 

If suit I 1 ( r ) <b U>Xai@^<Dmifi|iJpi a 1 (7)g|^ 

:itt^XltijOiyr>ti^XtSi^LXl>^t<s S<7> r 

^<7) 2 « s <z) R «* Alt u— tr tf- A<ojftffi<ott^i*ig-e 
fflx?r2 /2R-efc^»o :iHtm^fSi<0 2mmizmti 



(43) 

Xtm^h^ij-Ofz^tZ^^Om^iZ^^X (n-1) 

htzH^^^mA<m^^^tizmmr^mx^i>o u> 

[o 1 o 9] c;h.rc<fcor u— »f e— AtDStscosra^ 

^ 1 1 ( r 1 ) t^m^w^mom^^m^^ a ( r 

[Olio] <a^ssi^u>x<7)f^fflt*. u>X(Dm^h 

Stf— AI2 (r^) ^^'6A^?i:l^^C<t-efe'a6<. 

c;h,5feK6<7) (16) tmc^tzta^^ ctttt3te^|g<Die 
[01111 



( r ) = I 2 ( r ) e X p ( j k r 2 /2 R) 



xcxp ( j kha (r) (n-1) ) 
[0112] t^Ji^OXh^o R(*ttllt^<DBE^tf-A 

-rJi^(*RA<«lia:^-eC<Z)«tt1 fC3!S^o C(OJ:^fCL 
T. AitU— 1f e— Aa>5*Jg^^ I 1 ( r 1 ) 6Mb. ^ 

A>^^Paiem^<7)S^ffici|>Sa2 (r^) ^^U. ^(Z 

m.^^^ma>\f-M.^^ I 2 (r2 ) ^*ir)'5ci36«-e 

[01 13] tf@C01IiJ?ttC^/d:(D'<?fe^A<. 

I 2 ( r 2 ) =C 

o 

[0 115] <tl^^<fc ^/<f^S^-^;^^o t3]46CDU— -tf 

li (r)=Aexp (— r 

[O 1 1 7] <D<^z>izmHi>o ^mm^i^:yX<D6^^h 
^ (r^ ) tt^A^b'^ftV a, 6^ba2 ^3e!§$4xfr<h 

^32 liiaffi^-eos^sbii^s-r^A^ tt&nmit^^±(o 



(44) 

*5-fc-r*i:m-ort. a^ (r^ ) mwt<i^-<omt^ 
^^izWim.o(oy<'y—i^— (top hat) cotr— A 

40 [Oil 4] 

r^D/2 (45) 
r>D/2 (46) 

O [O 1 1 6] 

/2cr2 ) (4 7) 

U>X3 (3^S^^U>X) OJi^^i'^hj (r^ ) 6< 
50 ^^-So -^Oftf^rM*^iJ6t>tini:t^A<. <5Ijg=tlitf7g| 
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[O 1 1 8] 

f« tf— A(Z)^tg^*li:*:urt^'&o tf— Ai<7X/<>^ 

[O 1 2 0] »f(Dt'— A^Jt^fcf ^ii^ 

Xi. U>X2^fflt>Xl>^o tf. 

8. 10s n U h U>X2 (45 O. 80a)U>>C'e 
feU. tr— Ax<7X/<>$r— <0:S$r42 5 Omm-efc 

[0121) CStSS^mat^fiPS] e-Aga)a::^|g 



(11) l^mW- 1 1 5 3 7 5 O 
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[0 1 2 2) Si 0(C*^?g(OSgfc^^^oT£S<^Lf^U 

it-r^^(DS(4. 7@r'& ffiitscoas z (r) 

xom^iz^mzti—A^mLtimcoL'iyX^iDmt^m 
m^mmL,fz. ^<D«s^0 2oic*-ro laiaMft^^ 

30 r-tto. 8/imgiSt>^y±3&<orl^^o zitixttm 

[0 12 3) -?-c-ea2 3rc^-r<fc 9rcu>X(o«jarc 

s^^d-Jt-So ^hyizm.^m<Dmmmtzi^i:f}S^^m{-fx 

m<oiy>xma>7S^mt<ommmm^^^-r. ss$(Dsr* 

u s^^-v^t^jiZi ^ sa It ^ <D ttmmx' « t >o ^ y .s^tifc 

riSt^<7)r*AnXA<iiUl^o (single 
Point D i amon d) fCcfc oTcfc ^ ItSBrc. #l| 

[0 12 4] ^fce— Ax^;^/<>'$ra)SiJ^-t?i40 1 3 

50 iz7fk-r<^oiziy>X(or^m^mm (^En:^is)) r'$^<b<fc 



02) 
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[O 1 2 5] 





1 (D/^'^j^-^oU 




50. 8inm 


C A 


4 4 mm 


CT 


6 mm 


C 


0 mm 


K 


— 1 mm 


A2 


8- 737 883400X 1 0-* mm"' 


A* 


-3- 0 6472 1 1 30X 1 0-^ mm"* 


Aa 


-4. 2 3 7 5 4 6 1 3 0x 1 0-* mm"** 


A. 


7. 9 5 6 0 2 2 8 3 0 X 1 0'^** mm"* 


Aia 


-7* 327862700X 1 0-'" mm-^° 


Aia 


3. 9 6 0 4 1 7 5 5 0 X 1 0"^* mm-'* 


Al4 


~1. 276025030x10''* mm'** 


A 19 


2. 407942750x 1 0"'^ mm-'* 


A la 


-2. 4 5 4 6 0 63 9 0 X 1 0- = ^ mm-'« 


A zo 


1. 043152440x10'*^ ram 


ET* 


6. 071204268 mm 


" ET 


5. 08 mm 



to 1 2 6] ItSA^S O. 8 mm. ffl®fiP5i^(0ltSC A 

SLrt>^o c=0 tLXl^i>o ztiitw-m^o:Xi&i^ 

eF.?aA2if^<fcor^^>6c<i:rc?u^o z (r) =iA2i 

4'*^®^e-A^^tfe^?-frili^^S^o r = 1 

1 mm<Dift < r-iia u>xici& < /j: y A^s^jicig 

[O 1 2 7] Elerc^-rj; r = 1 1 mm<0®a 

r = i 1 mma)ia< r'Ou>xiciS(a-r^>(7)(*^^ft«i^cf 



[01281 ^^mmrno u 

>X4(*5ta)ASt-r*:fi-iRi<o®A^ffl®»cn*:-prii>y. as 

[0 12 9] ^2tzit^mmmi^>X(0f<'pj^—^ 
50 ??^a)^si*u>X3a)it^<t i^^x^om-^vm^n 



(13) 



1 0—1 53750 
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t^h>. m^m^n-o. i^^xa^a^ i^iEv^^t^^m 
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[O 1 3 O] 









5 0.8 mm 


C A 


4 4 mm 


CT 


6 mm 


C 


0 mm 


K 


— 1 mm 


Aft 


6. 639488029X10--* mm"* 


A. 


-4. 52269 2894X 1 0-^ mm"* 


Ae 


8. 338960594X 1 0"« mm"* 


As 


-8. 147973318X10 mm"* 


Aio 


1. 846210617X10-'* mm'*" 


Aia 


1. 3856 1 6237X1 0-»* mm-*» 


A, 4 


-9. 988595086X1 0-'^ mm-^^ 


A le 


2. 653432821X10-'* mm'.^^ 


A la 


-3. 317122704X10-** mm"*^ 


Aao 


1. 627068 1 1 3X 1 0-''^ mm'^^ 


ET' 


5. 960008484 mm 


ET 


5. 0 8 mm 



[0 13 1] 01 5tzm^z (r) (omv^om^^TTi 

r = 1 3 mm^-efS (^^ffl-e^-So r = 1 5 mmg 

^^irSR-e&^o 3^Jgsr^u>X3rc^3t>r4>A:ffli(*naffi 

u > X 3 0) Da ® $ ffi ^ |D} I c j£ I f -6 A> t» u > X 4 ( * I $ ^ 
[0 13 2] ti:®6*i5^s*(±^(Dct ^>'<f=t(Dr'^^o u 

>X3<fcy. ^>X4A<iFffl^Ci5t^<^ A2 

(6 X 1 O-^mm-2) /h$<. C>ilA^:^$^L> 
(-4x1 0-«mm-^) Ctf-cfc*« ^JglE^UVX 

3. <i4iii^u>X4(*. i^rti^xmLx < ^wntf 
ui\ -e&'SA^^e— A@igjjf®5t^?^ (u>xitu> 



[O 1 3 3] El9l*Aittl- A@^/|.>L^;^fc&#(DGtg 
30 Sl^ U > X ^ilia U t: — A (DffiPBl^i-l*! ^^"T 0 T- & 
*o U>X3<i:U>X4 0raWttcl = 1 VOmm-ei^ 
ASt^frtf— AS36<2 Omm 1 O mm) (DB# 

Xl^^a ^ISttAlttf— A^gA<w= 1 Omm(7)*S^(0 

/^r?— (D^g^rfii^'fli^^-ro 1 omm^X'/<r?—itm 

-T?0. 5 fC3:foT:t>-5o 

[0 13 4] ^C^A^A^tf— A4iSA<w=9mm(Dii 
^ (Sfi^r-jF-T) r =6mmAN^>aS:tJA<<STLiiS*)*o 

r = 1 OmmT'0^-e«T-r*o O^yO:^^©^^^ 

1 1 mmO^i^ (ffit^lK^lr^'r) r=6mmCibt^A> 
^m^^lbiia r =9mm-e^JflL r = 1 OmmT? 1 . 

:is:^^xmmmzm^^ti^^<r?—ii<mxr^^fzib<o 
[0135] c(o^oiz\f~Amt<mui>tmmmzm 

^{z^m^Xi^^[^>X3lzj:^^m.^^^ l^yXAlz 

50 <fc^ia«5i^^iT^<t. mmmv(D^<o—tm^(omi)^ 
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[01 3 6] C(D«q-ef±. U>X<D¥-S36<2 5. 4mm 
l>'5)(D'Cfc^o Ctir*5fcillCD(2)US P 3, 4 7 6, 4 6 

3-el*T^^^^^^:l^c<5:r'aE>-5o ^fzi^—^tftmii^h><oti— 
(OJi^tz^^X':&Witft^(o^i^mi^x^i>^oizts:^x 

CD ^cf t - tf- ASIff^iliS $4-^ -5 c i 

[O 1 3 7] 

immosoim} -tf-^vAGu— »f(D<fc^ic 

ii~J^l^—mzi30iyT>X^^X^ ^f^—Xh^t<. 

^ 1^ - /j: J; ^ Ic Hf^-r ^ C <t A^T* ^ ^ o 
[O 1 3 8] *«g^(0«a(*tf— AgfWSJjfe^l^fCcfco 

[01] mi^mm(o\f-A^mmtzi^mi.^mmii^h,<o 
^^^^^ ^)u^:^%m(o^m.(Dm&^iTi-tmf^m. 

[05] ^'OvTV^-^^^^OU—tfe-AcD^iSl^rBl 



(14) ^m^^ 0~1 53 7 50 
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m) . mm^nn^m,. 

s/cf§i)g5^'^fc|^^L/c^(D/<':?-^PBl5^^0o mmt 

[07] 5iiieiE»U>X»C<*:or. ^FS>^*^S5i^fl> rc U 

^ fc ^> It ^ {a^s a)gprBi^:m0o 

[08] *^^<7)3Sjg|E^<t(2l4S^^C0U>XFpir% ^ 
WLmmkOmmWim^^ (x^, y 1 ) 36<^FBircJ:o 

[0 9] ?<m\i—j^^\z^i,^m.^^omt^m'rm. 

ISlie— AgA<9mmC0ii^^iK-ro JSiaSP ( r = 1 O 
mm) T'/^r?— A<igtiir^o lit>S6rg(* 1 1 

[01 o] ^%^-effit^ssllet^j^u>X3<b^4§$l|{« 
[011] mmm(r»f—j^o=i:^7t^<r)—^^m. 

[012] 5H^^<De— AO-^feTc/^r;— 5i'^0o ^ffi 

tm\'fx-'^^=^^a>\^mmmzHHi>i<^—t^\^— < h 
[013] iiim^q/cfi^it'Sif— Ax^:^/<>5f— (OEa 
[014] 3^jg|Emu>X<DJ5^a)4i@:::^fSi<D^^b2 

(r) ^m.^<f^Zf. 

[0 15] ^^'mm\^i^x<r>^^m-^cTt^i^(on'PM 

30 z (r) ^4i.Sffi^r(DgilSt^LT5ii-r^^:7o 
[016] tf-Ax^X/<>^<D3fc^l^0o 
[01 7] ?|tS1$S*USP3, 4 7 6, 4 6 3fZf5a3; 

ttTt^>6^5-:^^ U>X3^O5fe^iaie)i0o 
[018] l^i:^ifflg(D>tlSlU>XrBl<03fejSt'!l-;Aftig 

<D^«^^-rMBH0o 

[01 9] ®«3ESIU>Xt&4BS^U>>C^3tf#-r^» 

5fc^^<7>0»|^3F-r»f®0o 

[02 o] ®M-v>tti2i<Dn*:i^u>x^afe^^rc@^ue 

40 ^(D^ffi(OA^?«^*0o 

[02 1] S:^'\>^]^(DU>X^@S-r^!*3|5«|(OU> 
X@^tifi|^7fv^Br®0o 

[02 2] ^^<b^i^^ffl)Sfiprc«ou^i^rf2^^^ga]!ft 
[02 3] f9i^t^^^miiimz\y]xi^tzui^X(omm 
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[@6] 



[@7] 
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II 3] 
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0.2 - 




M2 CfiLfflSE^) 



[@9] 

AJt ^--fc mz x ^mit^:^<Dm\: 
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(17) 
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[gl2 O] 



[@2 2] 



Surface Data 



Surface Data 



gm 

ra- 0.8 



(19) 
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1 .OOE+02 
8.00E4-0] 
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0.00&-«-00 
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